3-, Cl -, free CO 2 , TDS, total hardness and turbidity of algal habitats were analyzed and found conducive for their occurrence and growth up to maturity (formation of fertile structures). The result of limnological study also indicated that all these species preferred to grow alkaline pH, less turbid and hard water. Studied limnological parameters recorded as water temperature: 17.5°C-20°C, pH range from 7.1-7.6, high dissolved oxygen (DO) concentration 6.4-7.2 mg.L -1 , BOD values < 20.0 mg.L -1 , moderate COD values and lower nutrient levels with other parameters like Cl -, free CO 2 , TDS, turbidity as 6.8-9.0 NTU and also hard nature of water ranged from 120-204 mg.L -1 .
Introduction
Algae have the efficiency to decrease atmospheric CO 2 level, pollution and responsible for reduction of more than 40% of the total global carbon through its fixation by photosynthesis, although majority of carbon fixation done by marine algae (Munir et al., 2015) . Thus, they are potential cryptogamic plant for significant decreasing of green house gases which are recently considered as main culprits for global warming and climate change. Chlorophyceae constitute an important part of algal communities in freshwater habitats (Halder, 2015a (Cambra and Aboal, 1992) . However, freshwater macroalgae particularly the genus Oedogonium have recently been targeted for production of algal biomass due to its high productivity rate and enrichment of bioactive organic compounds (Tonetto et al., 2014) like eicosane, 1-nonadecene, tricosane, heneicosane, nona hexacontanoic acid, butylated hydroxytoluene, nonadecane, 1-docosene and ca. 12.9% lipids (Adesalu et al., 2016) . It is cosmopolitan in distribution and a competitive dominator over other algal species and genera (Lawton et al., 2014) . In vitro studies of selected solvent extracts of this genus revealed that it has the capability to show antibacterial, antispasmodic effects i.e. prevent cramp (spasm) of gastrointestinal tract muscle due to possessing novel δ-lactone bioactive molecules (Pérez Gutiérrez et al., 2006) and antifungal (Snehalatha and Rao, 2015) property. Besides these, a species of Oedogonium (O. globosum Nordst.) showed moderate in vitro antioxidant ability against the different solvent extracts and thus could be used as a natural antioxidant (Seal et al., 2014) . Sometimes, unicellular to colonial minute epiphytic algae including diatoms are found to grow on the upper surface of the filaments of this genus (Wehr et al., 2015) . This green alga is also very common and widespread in Indian subcontinent (southern region of Asia). Few important characteristics of this alga are: i) it is filamentous, unbranched and looks greenish in vegetative condition ii) cells are rectangular or cylindrical, longer than broad and show polarity i.e apex is normally broader than base, uninucleate and bearing ring like apical caps distally iii) chloroplasts reticulate with several pyrenoids. It is abundantly noticed particularly in small water bodies (Pikosz and Messyasz, 2015) or standing aquatic ecosystems like ponds, jheels, paddy fields, ditches, lakes and rarely recorded on the wet soil. It is occasionally observed as free floating form on the upper surface of water, when fruiting structures develop. Size of the vegetative cells, measurement of oogonia and oospores, the decoration of the oospore wall and the location, shape and size of the dwarf male filament (nannandrium) are considered as important differentiating/specific characteristics to identify species of this genus. Some species of Oedogonium are also pollution tolerant (Anand and Jitendra, 2006) . Currently, over 450 species have been documented worldwide (Novis, 2003) . Recently, the chloroplast genome analysis of this alga exhibited a close alliance with the order Chaetophorales (Brouard et al., 2008) .
Many environmental factors like light intensity, temperature, pH, host plant, depth of water bodies, nutrient status and other limnological parameters affect the distribution, diversity and abundance of aquatic algal flora. Hence, study of maximum number of physicochemical properties of water in any aquatic system is essential to know the pollution level, trophic status and for assessing water quality. Actually, various chemical reactions/oxidation-reduction processes play an important role in governing most of the biochemical and microbial activities and also maintaining sustainability or congenial environmental condition in water. Any way, if aquatic ecosystem or environment degrades, then eutrophication and overall loss of biodiversity result.
The algal floristic study explores biodiversity of species, genera etc. (Halder, 2016a) in a particular habitat, ecosystem or geographical region (Sinha et al., 2016) . Based on phenotypic characters, the taxonomy and morphology of this genus were studied after 1950 by Gonzalves and Jain (1968) , Kamat (1974, 76) , Asthekar and Kamat (1978) , Dhande and Jawale (2006), Patil et al., (2015) , Jitendra and Anand (2016) and Phadnis and Iyer (2016) from Maharashtra; Singh (1938 ), Venkataraman (1959 ), Pandey (1965 , Khan (1985) , Habib and Pandey (1990) and Misra et al., (2002) Gonzalves and Sonnad (1961) , Bharati and Pai (1972) from Karnataka; Bharadwaja (1963) from Manipur; Goyal (l964), Kamat (1967) and Yadava and Bharadwaja (1979) from Rajasthan; Subba Raju (1986) form from Andha Pradesh; Kamat (1962) and Patel (1990) from Gujarat; Saha (1985) , Mahato (1999) and Mahato et al., (2006) from Bihar as well as Mahato and Mahato (2000) from Jharkhand. So, a continuous progress in taxonomic research works on Oedogoniales has been noticed from India.
However, no information is available from Hooghly district in West Bengal, India except a single report (Halder and Sinha, 2015) . Thus, an attempt has been made by the author to explore floristic account of the genus with ecological information.
Materials and methods

Sample collection
Hooghly district (20° 01' 32"-23° 30' 20" N and 80° 30' 15"-87° 30' 20" E) of West Bengal (Halder, 2017a ) covers a total area of about 3,149 km 2 and occupies different types of water resources and thus, supports growth of different types algae (Halder and Sinha, 2016) . The algal specimens were collected from different ecological habitats including ponds, ditch, marshy land and paddy field wetland located at different places (Chinsurah, Madhusudanpur, Somra Bazar, Guptipara, Khamargachi, Balarambati, Khanyan and Diara) of this district ( Figure 1 ).
Microscopy
Microscopic examination of the nine species of the genus was carried out under Olympus microscope (ModelCH20i). Microphotographs were taken using Canon Power Shot A480 camera. The samples were preserved by 4% formalin and the voucher specimens were deposited in the Departmental Herbarium of R. P. M. College, Uttarpara, Hooghly, West Bengal.
Identification
It was carried out with the aid of monographs and scientific literatures (Prescott, 1962; Gonzalves and Jain, 1968; Islam and Sarma, 1976; Gonzalves, 1981) .
Water analysis
The temperature (°C) and pH of freshwater were recorded at the collection sites with the help of mercury thermometers and portable pH meter. The other limnological parameters such as DO, BOD, COD, NO3-N, PO 4 3-, Cl -, free CO 2 , TDS, TH and turbidity of water were estimated in the laboratory following the standard method (APHA, 2005 figure) .
Habitat: Attached on aquatic weeds in agricultural pond located at Chinsurah (Site-A).
Date of collection: 05.10.2016; Collection number: NH Oedo. 02
Known distribution: India: Gujarat (Kamat, 1962) , West Bengal (Sahoo, 2006 (Sahoo, 2006) . Out side of India: North America in Great Lakes (Prescott, 1962 (Gupta, 2012) and West Bengal (Sau and Gupta, 2005) Out side of India: Europe: Britain (Whitton et al., 2003; John et al., 2011 ), Portugal (Cambra Sánchez et al., 1998 Gujarat, Karnataka, Maharashtra (Gupta, 2012) and West Bengal (Mukherjee, 1986; Kargupta and Keshri, 2006; Sahoo, 2006) . Out side of India: Europe: Britain (Huxley and Pentecost, 2002; Whitton et al., 2003; John et al., 2011), Portugal (Alvárez Cobelas and Gallardo, 1986; Cambra Sánchez et al., 1998) 
Discussion
Many species of Oedogonium can be identified by taking measurements of only filaments and oogonia. Oedogonium has been observed most frequently in natural stagnant water bodies (Pikosz and Messyasz, 2015) rather than in running water (Naz et al., 2007) . Similar observation has been noticed in this study. This algal genus was found attached to the aquatic host plants (angiosperms) with the help of basal holdfasts throughout the vegetative and reproductive phages. The genus is exclusively epiphytic and occasionally found to grow on other algae like Cladophora Kütz. and Pithophora Wittr.
Present taxonomic study showed the biodiversity of macrandrous species of this genus. All the fertile documented species had been collected after withdrawal of monsoon i.e. from postmonsoon to winter (from last week of September to December, 2016). In vegetative condition, filaments appeared greenish but when achieved maturity they became brownish mostly.
In ecological study, assessment of water quality is considered as an essential criterion because the flourish as well as periodicity of algae in aquatic ecosystem is basically dependent on seasonal variations of physico-chemical characteristics (water quality) and adaptive nature of algal species. The result obtained from physico-chemical analysis of all water samples is given below ( Table 2) . Water temperature is considered as one of the most important factors of the aquatic environment and it affects directly the growth rate of algae (Halder, 2016b) . It varies with changes of season, elevation and geographic location. During the experimental period, maximum and minimum water temperature were recorded at site G (20 °C) and site H (17.5 °C). In this work, temperature was also showed a considerable negative correlation with DO. pH is a measure of the amount of free hydrogen ions present in water. Specifically, it is the negative logarithm of the concentration of hydrogen ions. It indicates the acid base balance of the water. A pH of greater 7.0 is considered to be alkaline. pH was noticed highest at site H (7.6) in December during winter and minimum at site G (7.1) in September (post-monsoon), 2016. The pH range is quite similar with the previous result of water analysis (Sinha and Halder, 2014; Halder, 2016c) . In addition to this, pH was found slight alkaline due to richness of algal flora and hardness of water. There had been found a direct positive correlation between pH and total hardness while negative correlation between two indicative variables-pH and free CO2. Dissolved oxygen (DO), one of the most important parameters to assess water quality, affects the survival, distribution, growth and physiology of aquatic organisms. In this investigation, it was noted higher (6.4 mg.L -1 or above) in all the study sites that indicated low pollution level and high productivity rate. It was observed high due to well wind action, abundance of vegetation or accelerated photosynthetic activity by green plants and lower respiratory effects by zooplanktons, fishes or other aquatic animals into those water bodies. BOD is the amount of dissolved oxygen required by aerobic biological organisms like bacteria for breakdown of organic compounds (Halder, 2017b) and it is an indicator parameter of pollution present in aquatic ecosystems. The BOD values were found moderate in all the water bodies (sites A to H) which denoted presence of pollution. In this study, it was varied between 10.0 and 18.0 mg.L -1 . It also showed negative correlation with DO content. COD represents oxygen requirements to oxidize organic and inorganic matters in water sample and release CO 2 and water. COD values are always greater than BOD values. In all the sites, COD values also appear moderate that reflects presence of domestic sewages and decaying materials or death flora/fauna in the algal habitats. This is also an indication of water pollution. In this study, COD was 2.5 to 3 times higher than BOD. It was ranged from 24.0-44.0 mg.L -1 . Nutrients (such as NO 3 -N and PO 4 3-) act as limiting factors for growth of algae and other plants. Excessive concentrations of nutrients can produce algal bloom. However, nitrate-nitrogen (NO 3 -N) was found low due to it's fairly utilization by algae and other hydrophytes (green vegetation) during photosynthesis.
Similarly, phosphate (PO 4 3-) was present in very small quantity in water although it is important for the production of phytoplanktons and other algal forms. They were ranged from 0.60-0.75 mg.L -1 and 0.50-0.62 mg.L -1 , respectively. In site-G (paddy field wetland) both the nutrient contents were highest followed by A (agricultural pond) that might be due to contamination of fertilizer or agricultural run-off in water. Chloride (Cl -) is a common component of most waters. The concentration of Clparticularly, depends on water level. It has been observed that when water level becomes decrease, then Cl -level is found to increase. In summer, therefore, its concentration is observed normally high. In this investigation, this value was low because water samples were collected after monsoon that consequently made the dilutions of water samples several times. It was ranged from 5.5-6.5 mg.L -1 . Free carbon dioxide (CO 2 ) which is evolved by the respiratory activities of aquatic animals and exists in water as bicarbonate or carbonates is a highly soluble gas found in water. It was noted lowest in December during winter at site-H (8.0 mg.L -1 ) due to less decaying of organic matters. In most of the limnological studies, it is observed higher in summer due to its reverse phenomenon. In this Table 2 , free CO 2 has been found inversely proportional to pH value. TDS is a measure of combined contents of organic and inorganic substances present in water as suspended forms. It was found low in all the sites. It was ranged from 140.4-218.0 mg.L -1 . Normally, this value is found greater in monsoon as the rain brings soluble salts, silts, clay and suspensoids in water bodies. After withdrawal of monsoon they are become settled down slowly at bottom of water reservoirs. Probably, for this reason TDS values were observed low in amounts (≤ 500 mg.L -1 ). Total hardness (TH) is a chemical parameter of water that represents mainly the total concentration of divalent cations of calcium and magnesium. Thus, hard water contains a lot of dissolved minerals. On the basis of the degree of hardness as developed by the water quality association, all the studied water samples fall in the hard water category which was ranged from 120.0-204.0 mg.L -1 . There has been a close relationship between pH and total hardness. Hard water is usually with high pH content. Turbidity is the ability of water to transmit the light that restricts light penetration due to presence of suspended clay particles, planktons or particular organic matters. This value of water was noted less (< 10.0 NTU) in all the study sites. It was varied from 6.8-9.0 NTU.
It has been clearly observed from this ecological study that water quality is variable in different sites as well as over the changes of months due to chemical, physical and biological factors. In addition to that water samples could be classified as less turbid water. Thus, in the above investigation only DO and total hardness were found higher and other parameters found within low to medium range. Depending upon the analysis of water, it could be concluded that all the aquatic habitats (sites A-H) were less polluted and mesotrophic in pollution status. Therefore, this algal genus may be used as an ecological indicator to depict the pollution level and trophic status. More or less similar trends were revealed in other algological studies in Hooghly (Halder, 2015b; Halder, 2016d 
Conclusion
In this study, biodiversity, distribution and ecology of the genus had been discussed elaborately and overall nine taxa of this genus were identified from the Class Chlorophyceae. It had been observed that hydrological condition of water affected the occurrence, growth and diversity of this alga and filaments with reproductive structures were noticed maximum in winter perhaps, this season along with seasonal changes of water quality supported the formation of fruiting structures in the vegetative filaments. The ecological conditions especially, alkaline pH, low turbidity and hardness of water were noted most effective for their occurrence.
